Two groups of 10 patients were studied during artificial ventilation with a mixture of oxygen, nitrogen and either halothane or trichloroethylene. Arterial blood and respiratory gas sampling was performed at FI OJ values of 0.33, 0.5 and 0.75. The efficiency of oxygen transfer, expressed as the difference between pulmonary end-capillary and arterial oxygen content, was found to decrease progressively in most patients as the alveolar partial pressure of oxygen increased. This pattern of response may be explained by the effect of oxygen on regulatory reflexes in the lung.
Oxygen transfer by the lungs is less efficient during anaesthesia. The main cause of this impairment is probably mismatching of ventilation and blood flow in the lung, particularly as a result of reduced ventilation in the dependent portion (Rehder, Sessler and Marsh, 1975) . Anaesthetic agents may increase this mismatching by impairing the reflex reduction in blood flow (hypoxic vasoconstriction) to regions of alveolar hypoxia (Sykes et al., 1972) . The amount of impairment caused by ventilation/ perfusion mismatch (V/Q mismatch) is influenced by the inert gas composition of the inspired mixture. Overfield and Kylstra (1971) showed, in pressure chamber experiments, that (PA 02 -Pa 02 ) was reduced as Fi 02 was increased, while Pi Oi was kept constant by a reduction in ambient pressure. This impairment of oxygen transfer is the result of the concentration of inert gas in alveoli with low VJQ.
Increasing Fi 02 of patients undergoing artificial ventilation in intensive care units has the same effect if Fi 02 is small (Douglas et al., 1976) . However, when Fi 02 values are greater, increase in Fi 02 results in an increase in impairment (Kerr, 1975; Douglas et al., 1976) . In these circumstances the increased alveolar or mixed venous oxygen partial pressure may be causing an inhibition of hypoxic pulmonary vasoconstriction.
Because this effect has been shown only in patients with lung disease, and because of the possible inhibition of hypoxic vasoconstriction by anaesthetic agents, this study was designed to assess the influence of changing Fi On on the efficiency of arterial oxygenation of patients who were ventilated artificially during anaesthesia.
Measurement of the shunt fraction (Qs/Qt) requires sampling of mixed venous blood. If the arteriovenous oxygen content difference is assumed to remain constant as Fi Os is changed, the difference between the oxygen content of blood that has become equilibrated with ideal alveolar gas (Cc 02 ) and that of arterial blood (Ca 02 ) may be used as an index of impairment. The advantage of this index (Cc' O2 -Ca 02 ) is that the same amount of venous admixture will result in the same value of the index, irrespective of the arterial oxygen tension, whereas (PA 02 -Pa 02 ) is affected by the non-linear relationship of blood oxygen tension with content.
METHODS
Twenty-one patients undergoing elective surgery for varicose veins gave informed, written consent for the study. Details of age, height, weight, smoking habits and general medical status were noted and an adequate ulnar collateral circulation to the left hand demonstrated on the day before surgery. Venous blood was obtained for measurement of haemoglobin concentration.
Premedication was with morphine 10 mg and atropine 0.6 mg i.m. 1 h before surgery, and anaesthesia was induced with thiopentone 250-350 mg i.v. The trachea was intubated with the aid of pancuronium 6 mg and the lungs were ventilated with a mixture of oxygen in air using a Cape-Waine anaesthetic ventilator at 15 b.p.m. Tidal volume was adjusted so that expired volume as measured with a Wright's respirometer (British Oxygen Company Ltd) was equal to that predicted by the Radford (1955) nomogram. A 21-gauge scalp vein needle (Abbot Laboratories) was inserted into the left radial artery to allow intermittent sampling of arterial blood during anaesthesia.
Anaesthesia was maintained with halothane 0.5-1.5% in the first 10 patients (group H) and trichloroethylene 0.3-1.0% in the subsequent 10 (group T) using appropriate Cyprane vaporizers. After anaesthesia had been established, patients were ventilated for a further 15 min (Fi O8 0.33) before measurements were made. Fi Os was measured with a Servomex OA101 analyser. Expired gas was collected for 5 min using a pressure-operated collect valve (Sykes, 1969) into a Douglas bag. The mixed expired oxygen concentration was measured using the same analyser and a sample for mixed expired carbon dioxide was taken into a sealed glass syringe for analysis later. During the gas collection a sample of arterial blood was drawn into a heparinized glass syringe. This was sealed, placed in an ice/water mixture and taken with the expired gas sample for analysis immediately. pH, Pco 2 and Po 2 were measured using the appropriate electrodes of an IL213 apparatus. The carbon dioxide electrode was calibrated using standard gas mixtures, the H+ electrode with standard buffer solutions and the oxygen electrode with a reducing solution and water equilibrated with air at 37 °C. The standard error of duplicate estimates of blood samples was 0.01 kPa, and the water/gas factor of the electrode was 1.03.
When all the samples had been taken, Fi Oa was increased to 0.5 and sampling was repeated after 20 min. The procedure was repeated again at Fi 02 0.75. In six patients in the halothane group, measurements were made after 20 min with 100% oxygen as the carrier gas. The final patient was studied during halothane anaesthesia, but with the order of change of inspired oxygen reversed.
The results were calculated using the methods of Drummond and Wright (1977) . PA 02 was derived from the equation: (Filley, Macintosh and Wright, 1954) ; body temperature was assumed to be 36 °C.
RESULTS
Details of the patients studi ed are shown in tables I and II. The ages of the two groups were not significantly different (Mann-Whitney test). One patient in each group was more than 120% of the weight expected on the basis of sex, age and height. * Greater than 120% of weight predicted from age and height.
The observed and calculated blood and gas values are shown in tables III and IV. One Pa 02 value in group H was not available, for technical reasons.
The Pa C08 values varied considerably between patients, but were almost unchanged for each patient in the course of the experiment. Mean Pa C02 changed slightly, but some changes were statistically significant (Student's paired t test) (table V) .
In group H, there was an increase in (Cc 02 -Ca 02 ) as Fi 02 increased from 0.5 to 0.75. This change is significant (P<0.05, Wilcoxon matched pair signed rank test). The pattern of change for this group was an increase in (Cc' O2 -Ca 08 ) as PA 02 increased ( fig. 1) . In group T, a similar pattern was present except for two patients (numbers 1 and 10) who had a more marked initial impairment of oxygenation ( fig. 2) . In these patients, Pa 02 values were 10.5 and 9.7 kPa respectively when Fi 0 was 0.33. Figure 1 shows the response of the patient whose lungs were ventilated with the gas mixtures in reducing order of Fi Oi . Between Fi Oa 0.33 and 0.5 the change in Cc' Oa -Ca Oa was similar to the changes seen in other patients, but between 0.5 and 0.75 there was a small change in the opposite direction. 3.
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DISCUSSION
Methods
Equilibration of the lung with a new inspired gas mixture may not be complete after 20 min. However, pulmonary nitrogen clearances in anaesthetized patients undergoing artificial ventilation are faster than in the conscious state (Rehder et al., 1971) . Douglas and others (1976) found that the equlibration of artificially ventilated patients receiving intensive care seemed to be complete after 15 min, when Fi Os was changed. The possibility remains that the equilibration of very low V/Q areas was incomplete in our study, but the small increase of Fi Oa on each occasion should have limited this effect. Failure of equilibration at Fi Ol 1.0 was more likely, and for this reason only a small number of patients was studied with pure oxygen as the carrier gas. Lenfant (1963) found in normal subjects breathing 90% oxygen that equilibration was not complete after 20 min. The use of (Cc' Oj -Ca Oj! ) as an index of the efficiency of oxygenation assumes that the arteriovenous oxygen content difference remained constant. Possible changes in the depth of anaesthesia and the degree of surgical stimulation may have caused changes in cardiac output. The arterial pressure and heart rate records and the general appearance of the patients did not suggest any important circulatory changes. The changes in / 3 a CO2 were clinically unremarkable although statistically significant. Sampling of mixed venous blood to allow direct estimation of shunting was not considered justifiable ethically in the circumstances of this study.
The oxygen concentrations were changed always in the same sequence with the intention of reducing the effect of any lack of equilibrium. It could be argued that the observed progressive effects were time-dependent and resulted from changes in metabolic, respiratory or circulatory factors. Such arguments are difficult to dispute. Body temperature was assumed to be constant throughout because we have found that the core temperature of patients undergoing such surgery in similar circumstances changes very little after the initial decrease attributable to the redistribution of heat. In any case this assumption is unlikely to be critical in relation to the pattern of response to changing Fi Oa . Constant volume lung ventilation might be associated with lung collapse, but the use of oxygen in nitrogen mixtures should minimize this. The circulation was considered to be stable.
In the patient in whom the sequence of administration was reversed, the pattern of response was similar to the others (table I), although there was an impairment of oxygen transfer when FI OJ decreased from 0.75 to 0.5. This would support the time-dependent argument, but the improvement between 0.5 and 0.33 is against it. It is also possible that there was a failure of equilibration at Fi O2 0.75 in this patient, leading to an erroneous value for (CCQ 2 -Ca Os ). In the dog, the effect of 100% oxygen occurs rapidly, reversing hypoxic vasoconstriction within 15 min (Sykes et al., 1977) .
Results
The response to increasing alveolar partial pressure of oxygen found in this study does not resemble that predicted either on the basis of a constant shunt fraction ("iso-shunt model") or of a constant distribution of ^72 ratios (VjQ scatter). A constant amount of venous admixture would result in no change in (Cco 2 -Ca Ol! ) as PA OI was changed. West (1969) predicted the effects of increasing Fi 02 in a lung model in which the K/() ratios of lung units were distributed in a log-normal manner. If this scatter was small, (Cc' Os -Ca 02 ) would decrease slightly as / > A Os was increased over the range of values found in the present study. In subjects in whom the scatter was greater, a more marked decrease would be noted, similar to the changes seen in patients 1 and 10 of group T.
In normal subjects breathing spontaneously. Cole and Bishop (1967) found no evidence of increasing inefficiency of oxygenation as PA 02 increased from 23 to 70kPa, and Drummond and Wright (1977) found that patients recovering from upper abdominal surgery showed increases in efficiency of gas exchange as PA 02 increased from 14 to 28 kPa. Nunn (1964) studied separate groups of patients breathing nitrous oxide, oxygen and halothane at different Fi Oa values, and found that the most marked impairment of oxygenation occurred at an Fi Oa of 0.21. Such findings correspond to predictions from a model of VjQ scatter.
However, the pattern of response found in the majority of patients in this study did not correspond to predictions based on an iso-shunt or Vl() scatter model. The findings of increasing inefficiency as .PA 02 was increased resembled those in studies of artificially ventilated patients in intensive care units (Kerr, 1975; Douglas et al., 1976) . It is possible to compare the responses of these patients to increasing PA O2 if a straight line is fitted to the data for each patient by the method of least squares. If the responses of subjects with a (CCQ 2 -Ca 02 ) of less than 0.6 ml dl" 1 at the least Fi Oi are studied over the range of PA OZ 25-70 kPa, there is no significant difference between the slopes for the groups H and T, and that for the patients reported by Kerr (1975) (Mann-Whitney U test).
Several reasons can be suggested for the similar findings in artificially ventilated patients, both during anaesthesia and in the intensive care unit, and the difference between such patients and conscious subjects breathing spontaneously. Part of the effect may be that artificial ventilation alters the distribution of ventilation (Rehder, Sessler and March, 1975) or the distribution of blood flow in the lung. The response of the lung vessels to oxygen may be affected similarly by factors such as trauma and inhalation anaesthetic agents. Oxygen administration may have an indirect reflex effect, for example, by increased systemic oxygenation. Finally, carbon dioxide tensions in these patients are less than normal, and this may influence the effect of oxygen. However, Bergofsky, Haas and Porcelli (1968) suggested that carbon dioxide and oxygen influence different parts of the pulmonary vessels.
Von Euler and Liljestrand (1947) first suggested that the response of regional blood flow to regional hypoxia would result in improved gas exchange. Hypoxic vasoconstriction in lung regions smaller than the lobule has been demonstrated recently in the coatimundi (Nasua nasud) (Grant et al., 1976) . The control of blood flow was shown to be greatest over the physiological range of PA 02 . Consequently, increased alveolar tensions may result in a loss of control of VjQ scatter by this reflex action. The effect partly explains the present findings, but the fact that the same effect is not observed in conscious healthy subjects breathing spontaneously (Lenfant, 1963; Cole and Bishop, 1967 ) is difficult to understand.
Halothane and trichloroethylene both reduce the response of the pulmonary circulation to severe hypoxia (Sykes et al., 1973 (Sykes et al., , 1975 Gibbs, Sykes and Tait, 1974; Bjertnaes et al., 1976) , but this effect is less in the intact preparation (Loh, Sykes and Chakrabarti, 1977) . However, it is clear that, in the present study, the adverse effect of high concentrations of oxygen on the efficiency of gas transfer in the lung is not reduced markedly by the presence of these agents. 
SUMARIO
Se estudiaron dos grupos de 10 pacientes durante ventilaci6n artificial con una mezcla de oxigeno, nitrogeno y halotano o tricloroetileno. Se realizo un analisis de sangre arterial y gas respiratorio a valores de FIQ, de 0,33, 0,5 y 0,75. La eficiencia de la transferencia de oxigeno, expresada como la diferencia entre el contenido de oxigeno de final capilar pulmonar y arterial, se descubrid disminuia progresivamente en la mayoria de los pacientes a medida que aumentaba la presi6n parcial de oxigeno alveolar. Este tipo de respuesta puede explicarse mediante el efecto que ejerce el oxigeno sobre los reflejos reguladores en el puhn6n.
